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INTRODUCTION
Gastric duplication cysts (GDCs) are extremely uncommon lesions and the definitive diagnosis of GDCs is difficult. It is important that a differential diagnosis is performed to rule out the possibility of other diseases, mainly malignancies with a cystic component. Despite the use of multiple diagnostic modalities including endoscopy, the preoperative diagnosis of GDCs is challenging. Some reports have proposed endoscopic ultrasonography-guided fine needle aspiration (EUS-FNA) as the most accurate technique for the identification of cystic lesions [1] . However, it is challenging to retrieve high quality cytological and histological samples of the lesion. In addition to the risk of infection and bleeding, EUS-FNA is also associated with a potential risk of disseminating the malignant cells along the needle tract and into the peritoneum. Here we report a unique case in which both EUS-FNA and positron emission tomography/computed tomography (PET/CT) approaches were used in the diagnosis and intervention of GDCs. The rarity of this disease and the misdiagnosis by EUS-FNA prompted us to report this case.
CASE PRESENTATION
Chief complaints
A 53-year-old woman presented to our gastroenterology department with mild epigastralgia a few hours after consuming a considerable amount of meat.
History of present illness
The patient's symptoms started with mild epigastralgia, which had worsened in the last 2 h.
History of past illness
The patient had no previous medical history.
Physical examination
The patient's temperature was 36.8 °C, heart rate was 75 bpm, respiratory rate was 15 breaths per minute, blood pressure was 130/70 mmHg and oxygen saturation in room air was 99%. A physical examination revealed mild tenderness without any peritoneal signs.
Laboratory examinations
All hematological parameters were within normal ranges, including serum levels of amylase, carcinoembryonic antigen (CEA) and carbohydrate antigen (CA) 19-9.
Imaging examinations
Computed tomography (CT) revealed a cystic lesion apparently originating from the submucosa of the stomach, which was well-defined and had a homogeneous density. The lesion showed no intensity on contrast enhanced CT. Upper endoscopy revealed a subepithelial mass with a smooth surface at the greater curvature of the gastric cardia and fundus ( Figure 1 ). EUS showed a 3.0 cm × 3.0 cm hypoechoic cystic lesion, apparently located outside the serosa of the stomach (Figure 2 ). Neither abdominal nor mediastinal enlarged lymph nodes were identified. Some mucoid fluid and small tissue fragments of the cystic wall were retrieved by EUS-FNA. The cytological smear showed foamy histiocytes, and histopathologic examination showed mucinous materials. However, the cyst fluid from FNA showed CEA levels over 1500 ng/mL and CA-199 levels over 1200 U/mL. This suggested the possible diagnosis of a mucinous cystic neoplasm. Before surgery, the patient was referred for PET/CT. A 4.9 cm × 4.0 cm cystic mass showed no significant 18F-fluorodeoxyglucose ( 18 F-FDG) uptake (Figure 3) , which suggested that the gastric cystic lesion could be a GDC.
FINAL DIAGNOSIS
Pathologic examination of the surgical specimen revealed macroscopically a cystic lesion 3.5 cm × 3.5 cm × 3 cm in size with a mucoid content. Under the microscope, the inner side of the cystic lesion comprised a single layer of columnar epithelium with gastric glandular formation (Figure 4) . The immunohistochemistry results showed CK7(+), Villin(+), CDX-2(+), CK20(-), ER(-), PR(-), PAX-8(-), and CD10(-). These features were consistent with a diagnosis of GDC.
TREATMENT
Considering the malignant potential of the cystic lesion based on its increasing size, a proximal gastrectomy was planned. Laparoscopic resection revealed the cystic mass contiguous to the greater curvature of the stomach, indicating the gastric origin of the cystic lesion, rather than pancreatic or left adrenal gland origin. The cyst was completely resected with partial wedge resection of the stomach.
OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative recovery and was discharged on the ninth postoperative day. The patient has been well since hospital discharge, and there is no evidence of recurrence during the 1-year follow-up period.
DISCUSSION
GDCs are rare congenital gastrointestinal abnormalities [2] . These cysts are usually diagnosed during early childhood, as duplication cysts tend to be symptomatic at this age. Conversely, these cysts are usually asymptomatic during adulthood, and their diagnosis is challenging. Malignant transformation of these lesions has been reported [3] [4] [5] ; thus, accurate diagnosis is required. A recent report suggested that EUS-FNA may play a major role in the diagnosis of GDCs as it has a higher accuracy rate compared to traditional imaging techniques [6] . However, the cystic lesion in our case was thought to share the layer of the submucosa of the proper stomach wall. This feature led to EUS misdiagnosis where the cystic lesion was concluded to exist outside the proper gastric wall. In fact, it was in the three-layered hyperechoic submucosa, which was mistaken to be the five-layered hyperechoic serosa. As observed in our case, the cystic lesion was found inside the gastric wall by surgery, rather than outside the gastric wall as shown by EUS. Although a cytological examination using EUS-FNA was performed in this case, the cellular and tissue samples showed nonspecific mucinous materials, which led to the misinterpretation of a mucinous cystic neoplasm without a final diagnosis. Of note, new technologies such as EUS-guided fine needle biopsy (EUS-FNB) appear to have comparable pathologic diagnostic yield to EUS-FNA [7] . Further investigation is required to confirm whether EUS-FNB can extract more pathological tissue than EUS-FNA, and cause less complications in patients with cystic lesions [8] . PET/CT using FDG, a glucose analogue, may have the ability to detect hypermetabolic neoplastic cells and help resolve the discrepancies obtained using different methods [9] [10] [11] . In this case, the PET/CT scan showed normal FDG uptake in the cystic lesion, suggesting that this lesion was more likely a benign lesion. Moreover, PET/CT can suggest the possibility of GDC at preoperative diagnosis and with higher accuracy, compared to EUS-FNA. This may be partially due to the fact that duplication cysts are lined by columnar epithelium with gastric glandular formation similar to the adjacent proper gastric wall. Therefore, duplication cysts and the proper gastric wall showed the same 18 F-FDG uptake rate in the PET/CT scan. Imaging techniques such as CT and enhanced CT are unable to provide an accurate diagnosis of these lesions, and perform rather poorly in terms of lesion characterization. Hence, 18 F-FDG-PET/CT with higher accuracy has been considered for the diagnosis of GDC.
The histiocytes in GDCs observed on EUS-FNA are easily mistaken for mucinous epithelial cells of cystic neoplasms [12] . Mucin-producing well-differentiated adenocarcinoma of the pancreas or stomach may also mimic mucinous material similar to GDCs [13] . Ancillary examinations, such as the level of CEA, CA19-9 and amylase, etc., also lends insufficient support to the differential diagnoses regarding the malignancy of cystic lesions [14] . Definitive diagnosis is often achieved during pathologic and/or microscopic examination post-excision. If GDCs are diagnosed as benignant lesions, endoscopic submucosal dissection, which is less invasive, may be recommended. Otherwise, laparoscopic resection or surgical resection may be the preferred treatment [15] .
CONCLUSION
In summary, preoperative diagnosis of GDCs in adults remains difficult as these lesions are rare with no clear characteristic findings. In medical practice, very few endoscopists would consider GDCs in the differential diagnosis when they encounter a lesion with cystic characteristics. Technically, 18 F-FDG-PET/CT with additional imaging data, may complement EUS-FNA in the diagnosis of GDCs [16, 17] . Even though there is currently a panel of imaging modalities to assist the diagnosis, it is still recommended that a different operative approach is chosen for cystic lesions, as most cases with symptomatic manifestations and/or complications have the possibility of malignant transformation at the time of presentation. 
